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1 Introduction 


Despite the recent progress in higher spin gauge theories (see e.g. [T]- [T6j for review 
of various aspects of the subject) there are still a number of problems to address. 
Construction of the interacting Lagrangians of massive higher spin fields on various 
backgrounds and study of the properties of these systems is one of these problems. 
Apart from being interesting in its own right, it is also important from the string 
theory perspective H7j. As is well known, string theory contains an infinite tower 
of massive higher spin modes and therefore it is important to understand on which 
backgrounds these fields can propagate consistently. 

Although many aspects of Lagrangian formulation of free fermionic higher spin 
fields have been studied well enough (see e.g. [IS]- [[20] and references therein) the 
problem of interacting fermionic fields is much less understood than the problem of 
interacting bosonic fields (see also [16] for a recent review). In particular, that the 
cubic vertices which include fermionic higher spin fields have been constructed in the 
light cone framework in [2T] and various problems of interaction with gravitational 
and electromagnetic fields have been addressed in [22] [IHjll 

When considering interactions of massive fields with spin more than zero with a 
nontrivial background one faces several difficulties such as superluminal propagation 
and violation of the number of physical degrees of freedom. The requirement that 
no superluminal propagation takes place imposes in general certain conditions on 
the background fields j3U]-[II] (see also [32] f° r a recent discussion). Similarly, when 
turning on nonzero background fields the invariance of the initial system under its 
gauge transformations can be partially or completely lost and this means in turn 
that nonphysical polarizations can appear in the spectrum. The requirement of pre¬ 
serving of physical degrees of freedom generically imposes some extra conditions on 
the background. The question is therefore to find if a background under considera¬ 
tion is physically acceptable i.e., if it satisfies the constraints imposed by the above 
mentioned conditions. 

In this paper we consider a problem of interaction of massive totally symmet¬ 
ric fermionic higher spin fields with constant electromagnetic (EM) background in 
Minkowski space of an arbitrary dimension d. These higher spin fields are described 
by tensor-spinors with one spinorial index and an arbitrary number n = s — 1/2 
of totally symmetric tensorial indices. Our main aim is to derive the gauge invari¬ 
ant Lagrangian using the method of BRST construction in the linear approximation 
in strength F IW of the external held. This method in fact yields a gauge invariant 
Lagrangian description for massive higher spin fields in extended Fock space and 
therefore the Lagrangian will contain, apart from the basic fields, some extra aux¬ 
iliary fields such as Stfickelberg fields. Some of these fields are eliminated with the 
help of gauge transformations, some of the others should be eliminated as a result 
of the equations of motion. Therefore, in order to have a consistent gauge invariant 

1 Also one points out the papers [36;, m where non-Lagrangian equations of motion for higher 
spin fields in the external fileds have been considered. 
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description for massive higher spin fields, one should have enough gauge freedom 
and have the “correct” equations of motion, which ensure the absence of ghost, J/]. 
Performing this analysis in a way similar to how it has been done in [03] one can 
show that the preservation of physical degrees of freedom indeed takes place for the 
Lagrangian under consideration, provided that the terms containing the strength of 
the external space are considered as a perturbation. Where the problem of superlu¬ 
minal propagation of higher spin fields is concerned we note that in the linear in F^ u 
approximation this problem does not arise at all due to antisymmetry of v (see 
e.g. m f° r a s Pi n 3/2 field). 

The paper is organized as follows. Section [2] contains our main results. After a 
brief reminder of construction of Lagrangians for free massive fermionic higher spin 
fields we introduce interaction with background electromagnetic fields by modifying 
the operators which define the BRST charge. The requirement that the modified 
operators form a closed algebra determines free parameters which are present in 
the definition of the operators. Then we present the corresponding BRST charge, 
construct the Lagrangian and use a part of the BRST gauge transformations to gauge 
away an infinite number of neutral bosonic ghost variables from the Lagrangian. 
The remaining components of the basic fields obey the Lagrangian held equations 
and these equations still posses necessary gauge invariance. Integrating the held 
equations back into a Lagrangian we complete the construction of gauge invariant 
Lagrangian and equations of motion in terms of a basic massive fermionic higher spin 
held and appropriate auxiliary helds interacting with a constant EM background. 

Section [3] contains a more generic description in terms of so called “quartet for¬ 
mulation” [38] [39] (see also [31]). This formulation is obtained from the one given 
in Section [2] by further use of the BRST gauge transformations to gauge away some 
auxiliary helds which are originally present in the system. In this way the Lagrangian 
contains only one physical held and six auxiliary helds three of which are Lagrangian 
multipliers. Let us note that in both cases the helds and the parameters of gauge 
transformations do not contain any off-shell conditions, unlike the formulation of 

[ 53 - 

In Section 0] we give a description of the simplest example of the spin | held 
interacting with a constant EM background. 

The hnal Section contains our conclusions and a discussion of some open prob¬ 
lems. 


2 Construction of gauge invariant Lagrangians 

Let us briefly summarize the features of the BRST approach for the construction 
of the gauge invariant free and interacting Lagrangians (see [6J for a review). First 

2 One way to check this is to perform a complete gauge fixing in the equations of motion and 
obtain the equations in terms of basic fields. As a result one obtains equations defining the spectrum 
of the theory and check if it is ghost free or not. 
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one introduces a set of operators that define a spectrum of the theory^. Provided 
these operators form a closed algebra one builds a nilpotent BRST charge Q , which 
in turn yields to a quadratic gauge invariant Lagrangian of the form 

£ ~ (x\Q\x) (2-1) 

where |y) is a vector in an extended Fock space. The gauge invariance of the La¬ 
grangian under the linear gauge transformations 

<$|X) = Q|A) (2.2) 

is guaranteed by the nilpotency of the BRST charge Q 2 = 0. This procedure is how¬ 
ever slightly modified for the case of fermionic higher spin fields, since the condition 
of the BRST invariance 

Q lx) = 0 (2.3) 

cannot be integrated back into a Lagrangian in a straightforward way. Rather one 
uses a part of the gauge transformations (12.2p to gauge away a part of the aux¬ 
iliary fields which are contained in |y). The resulting field equations turn out to 
be Lagrangian ones and they still possess enough gauge invariance to remove all 
nonphysical polarizations (see [THj for the details). 

The situation is even more complicated if the closure of the algebra of the initial 
set of operators requires inclusion of certain additional operators into the system. 
These extra operators can impose too strong conditions on the field |y) so that there 
will be no nonzero solution to the equation (12. 3p . A way out of this problem is 
the following (see [IB] [S],[2UJ for fermionic higher spin fields and [5] for a detailed 
review of the BRST formulation for higher spin fields). One introduces additional 
sets of oscillator variables and builds auxiliary representation of the generators of the 
algebra (i.e. of the operators under consideration) in terms of these new variables. 
Then one defines a modified set of operators as a sum of new and old ones and 
therefore considers the problem in an extended Fock space. After that one builds 
BRST charge for modified generators in the standard way since the generators form 
a closed algebra. It allows us to construct a Lagrangian of the base of the BRST 
charge under consideration. 

After this reminder let us turn to a description of massive fermionic higher spin 
holds. To this end we introduce the Fock space spanned by the oscillators 

= Vi*u = diag(- 1,1,...,1) (2.4) 

and consider the operators 

t' 0 = 1' 0 = d 2 - m 2 , l[ = t\ = YaV 2 = \a^a^ (2.5) 

3 In free theory the spectrum is given with the help of the relations defining either reducible or 
irreducible representations of the Poincare or AdS group. 
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Here we introduce Grassmann odd “gamma-marix like objects” 7 M and 7 which are 
connected with the usual Grassmann even gamma-matrices 7 ^ by relation |TS] 

7 /1 = 7 m 7 , {Y,T} = -27^, { 7 ^, 7 } = 0 , { 7 , 7 } = -2. (2.6) 

The first of the operators in (12.51) corresponds to the Dirac operator for the massive 
fermion, the second operator is the d’Alembertian for a massive held, the third one is 
a divergence operator, the fourth one is an operator which takes a gamma-trace and 
the fifth one is an operator which takes a trace. In order to have a hermitian BRST 
charge we also introduce operators which are hermitian conjugate to the operators 
l[,t[ and l 2 

/'+ = m + ^, t; + = f*a+ Z(, + = |a + Ai+, (2.7) 

Finally in order to close the algebra one introduces the extra operators 

9o — + - (2.8) 

and g' m = m 2 . The operator g' 0 is a ” particle” number operator and its eigenvalues 
are always strictly positive. Therefore, we have a situation described earlier in this 
Section. We introduce three sets of additional oscillator variables: two sets of bosonic 


oscillator variables with commutation relations 

= [&2,&2l = l, (2.9) 

and one set of fermionic oscillator variables 

{/,/ + } = I- (2-10) 

Using these new variables one can build auxiliary representation for the original 
operators and define modified operators as [T8j 

t 0 = i7 M <9 M — 7 m l 0 = d 2 — m 2 (2.11) 

l\ = ia^d^ + mbi = ia +fl d M + mbf (2-12) 

h = 7 % - 761 + f + b 2 - 2(fe+6 2 + h)f tf = a+7 M - jb+ + /+ - 25 +/ ( 2 . 13 ) 

l 2 = \^a tl + \b 2 l + (btb 2 +f + f+ h)b 2 lt = \ a + »a++ ^bf + b% ( 2 . 14 ) 

9o — + bfbi + 2b 2 b 2 + f + f + _| - ]i g m — 0 ( 2 . 15 ) 


where h is an arbitrary real constant. The algebra of these operators is given by 
Table 1. 

In order to introduce an interaction of the fermionic fields with an external con¬ 
stant EM background field = const we shall proceed as follows. First we replace 
all the partial derivatives by the U ( 1 ) covariant ones D M — ieA^ and include 
into the expressions of the operatorcl (12. 1 1[) (j2.15[) terms which vanish in the limit 
Ffju —> 0. After that we require that the new operators form a closed algebra. 

4 We shall denote these new operators by the corresponding capital letters. 
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Before writing an ansatz for the operators let us note that since the trace of a 
held and its traceless part are independent from each other one can shift the trace 
of a held so that the traceless condition remains unchanged. Thus we suppose that 
the operators related with the traceless condition ti, £+, I 2 , l 2 as well as the number 
operator g 0 remain unchanged 

Ti—ti, T+=tf, L2 — I2, ^2=1^ Go = 9o- (2-16) 

Moreover, since the oscillator variables b 2 , b%, /, f + fl2.9p - fl2.10p are included only 
in operators (I2.16P (see also the expressions fl2.13p - fl2.15p ) we assume that these 
variables are not present in the expressions of the operators T 0 , L 0 , Li, L +. 

Since we are going to consider only the linear in approximation we take the 
following ansatz for the operators 

OO OO 

U = ia a D a Fmb 1 + a a F aa D a Y J f^bt k b\ + irF T(T D^Y J hkbi k b\ +l 

k =0 k =0 

00 00 

+ a^F^D* Y U bt% +2 + Y d ™ b t kb * +1 

k =0 k =0 

00 

+ irF*aa a Y d ubt k b k l 

k =0 

OO OO 

+ a + »F m a a Y dsk bt% +1 + 77 "F^ Y d « b t% + ' 2 (2.17) 

k =0 fc =0 


T 0 = irD lx -7m + rFr*D"Y c M b t kb i 

k =0 

00 00 

+ ^a a F oia D cr Y ( bt) k+1 b\'I + 7 a^F^D* Y 

k =0 k =0 

00 00 

+ 77 ^F, u Y bi k b\ + 7 a^F^a* Y a ik b^b* 

k =0 k =0 

00 00 

+ 7 a F aa a a Y (^) fe+1 ^ + 7 u F a y» Y b t k b k+1 ( 2 - 18 ) 

k =0 k =0 
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OO CO 

L+ = ia + ^D^mbi + a^F^Y J hkbi k ^ + ll T F T(T D a Y J hk{bi) k+1 b k 1 

k =0 k=0 

CO CO 

+ a a F au D° Y hk ( bt) k+2 b k + r u F,„ Y d ™ ( b t) k+1 bi 

k =0 k =0 

co 

+ f yTF trtl a+> i Y d ^ b t k ^ 

k =0 

CO CO 

+ a + »F m a a Y d 9k (b+) k+1 b k + 77 °F aa a a Y d ™ (bi) k+2 b k (2.19) 

k =0 k =0 

where a^, Qfc, e^t, Cik are arbitrary complex constants and the rest of the operators 
(I2.13p - (l2.15p are unchanged as one can see form the equation (12.161b Let us note 
that the above relations can be treated as the deformations of the corresponding 
relations of free theory by the terms linear in F IJiy . 

Let us point out that the ansatz for the operators L±, T 0 , Lf (12 .1 711 — (12 .1 91) is not 
the most general one. The ansatz is taken on the basis of the following “minimal” 
rule. Let us consider the operators (12. 1711 - 02. 191) in free theory, replace the partial 
derivatives by the covariant ones and calculate the commutators. Obviously the al¬ 
gebra will not be closed. Then one adds to these operators the minimal number of 
terms linear in F jiv in such a way that the algebra is closed in the linear approxi¬ 
mation. One can see that according to this “minimal” rule the Lorentz indices of 
the creation and annihilation operators are always contracted with the an index or 
indices of F^ v . In principle it is possible to consider other deformations of the free 
theory by the terms linear in F IW . For example, one can add to Li a term of the 
form a fl ^ ll 'y u F U(T D rT but this term does not obey the “minimal” rule. 

From the requirement the To and To to be hermitian, from the condition (Ti) + = 
Li and from the requirement that the total system of operators forms a closed 
algebra in the linear approximation one finds the expressions for constants which are 
present in (12.1 711 - 02.191) . These expressions are summarized in the Appendix. 

Note that a similar problem was considered in |22j, but we found two more 
arbitrary constants because, unlike [ 22 ], we do not require from the very beginning 
that the coefficients in (I2.17p ~ (l2.19p must satisfy reality conditions. As one can see 
from the Appendix, the complex coefficients are also acceptable. 

The new operators form the algebra which is the same as in the free case and is 
given in Table [U 

After we have achieved the closure of the algebra for the operators, the next step is 
to construct the corresponding BRST charge. This procedure follows closely the one 
developed for the fermionic fields in [18], [19] to which we refer for more details. First 
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Table 1: The algebra of the operators. 


we construct the standard BRST operator on the basis of the operators fl2.16j) - (l2.19j) 

Q = qoT 0 + q?Ti + q]Tf + 7] 0 L 0 + ijf L i + hi L f + pf L 2 + r) 2 L% + 7j G G 0 
+ ZqoiQi'Pi + qiPt) + (qtv 1 - ViQi)iP 0 + (vtv 1 - <fi)V 0 + 2 qf 2 V 2 
+ 2 q{vt + qfr]2ipt - vf QVPi ~ V2 ViPi ~ V1V2V\ + ( 2 qf q 1 - pfp 2 )V G 

+ vc(qf ipi - qiwt + vt'Pi - V1P1 + 2 h^2 - ) ( 2 . 20 ) 

Here, q 0 , qi, qf and rj 0 , rjf, rji, pf, p 2 , p G are, respectively, the bosonic and fermionic 
ghost “coordinates” corresponding to their canonically conjugate ghost “momenta” 
p 0 , pf, pi, Vq, V1, Vf, V-2, Vi, V G • They obey the (anti)commutation relations 

{rn,v+} = {P ,,!)+} = {> n,p+] = {P 2 , r/}} = {%.Po} = {> la,Pa] = 1, 

[4b, Po] = bi.pt] = [?i + ,Pi] = i (2-21) 

and possess the standard ghost number distribution, gh(q, p) = —gh(p, V) = 1, which 
gives gh(Q ) = 1. 

For the subsequent computations it is convenient to present the BRST operator 
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(I2.20p in the form 


Q — Q + Vg(N + + h) + ( 2^51 — p 2 p 2 )'P G 

N = a +a fi + b+b 1 +2b+b 2 + f + f 

+ qf ipi - ip^qi + rjfV i + Vfpi + 27^"P 2 + 27A]~g 2 

Q = qoTo + p 0 L 0 + A<2 + (g^ p x - pf qi)ip 0 + (g^gi - g^Po 
AQ = gi~Ti + giTj + + pfLi + giA^ + p 2 L 2 + g 2 T^ + 2qf 2 V 2 + 2cfiV 2 
+ qtV 2 W 1 ~ Viqiipi - 'gjgiT 5 ! - g^go’P] 1 ' 

T 0 = Tq + 2qfV\ + 2q{P J [ 

Next we choose the following representation for the vacuum in the Hilbert space 

(Po,qi,Pi,'P 0 ,V G ,p ll V 1 ,p 2l V 2 ) |0) = 0, (2.22) 


and suppose that the vectors and gauge parameters do not depend on p G , 


lx) 

£(W(W I (rf)Wo)' , VW(W(WUW*(W , (W 1 ‘ , (W' 1 X 

ki 

xa + «...o+».4‘ 1 .*“ W|°>. (2.23) 

The sum in (12.231) is taken over ko,ki,k 2l k^, fcio, fcn, running from 0 to infinity, and 
over ^ 4 , & 5 , ^ 6 ; & 7 , ^ 8 , kg, running from 0 to 1. Then, we derive from the equations 
(12.31) as well as from the reducible gauge transformations, (j2.2[) a sequence of relations 


<3 lx) = 0 , 

*|x) = Q|A), 

<S|A} = Q|A«>, 
5|A (i - 1} ) = g|A (0 ), 


(N+^ + h)\ X ) = Q, 
(A+AA + h)\A) = 0 , 
(N+^ + h) |A«) = 0 , 
(A+AA + /r) |A«) = 0, 


(e,gh)(| X )) = (l,0), (2.24) 

(e,gh)(|A)) = ( 0 ,-l), (2.25) 

(e,gh)(|A«)) = (l,- 2 ), (2.26) 

(e,g/r)(|A«)) = (q-z-l). (2.27) 


Here e defines a Grassmann parity of corresponding fields and parameters of gauge 
transformations as (—1)7 

The middle equation in (j2.24[) is a constraint on possible values of h 

h = 2-s-^. (2.28) 

By fixing the value of spin, we also fix the parameter h, according to (12.281) . Having 
fixed a value of h , we then substitute it into each of the expressions (l2.24jMI2.27l) . 

Analogously to the free case (18] the equation of motion (12.24[) cannot be obtained 
from a Lagrangian. In order to extract from (12.241) a Lagrangian set of equations of 
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motion we decompose the state vector and gauge parameters in terms of powers of 
neutral Grassmann even q 0 , and Grassmann odd r/ 0 ghosts 

OO OO 

lx) = E * l (lxS> + »lxt>), I A) = E 9 o(|Aq) + >J,|A?». 

k =0 k =0 

Then we remove all fields except |Xo) an d |Xo) using a part of the initial gauge 
symmetries or using their own equations of motion. As a result of this procedure the 
equation (12.24p is reduced to 

AQ|y°> + §{T 0 , vtVi}\xl) = 0, T 0 \x° 0 ) + AQ\xl) = 0 (2.29) 

These equations are invariant under the gauge transformations 

%o> = AQlAg) + \{T 0 , vUi}\K) S\xl) = T 0 \A° 0 ) + AQ\Al) (2.30) 

The parameters of gauge transformations are in turn invariant under the chain of 
transformations with a finite number of reducibility stages i max = s — 3/2 

<5|A W o> = AQ|A (m) o> + lifo.rjU^A^l), |A( 0 >8)„ = |A°>, (2.31) 

S\A<%) = T 0 \A^° 0 ) + AQ\A^]), \M%) n = |Aj), (2.32) 

= s - 3/2 (2.33) 

where {f 0 , rjfr] i} = T 0 r]t r/i + r/frjiT 0 . 

It is straightforward to check that the equations (12.291) can be obtained from the 
following Lagrangian 

C = (xS|A'„{t„|xS) + AQIxJ)} + (xJ|Aft{AQ|xS) + ^{T 0 ,<r, 1 }|xJ)}(2.34) 
In (I2.34p operator K h 

OO 

K h = {\ n )(n\C(n, h) - 2f + \n)(n\f C(n + 1, h) (2.35) 

n =0 

C(n,h) = h{h+l)---(h + n-l), C(Q,h) = l, \n) = (5+) n |0) 

is needed to maintain hcrmiticity of the Lagrangian since as one can see from the 
auxiliary representations for operators (12.131) - (12.131) one has (Z 2 ) + 7^ it an d (ti) + 7^ 
tf. The fields (xq|, (xl\ are defined as follows 

<XSI = (Ix8» + 7°, (Xl\ = (IXo)) + 7°- (2-36) 

The Lagrangian (12.341) describes the interaction of massive fermionic fields with 
constant electromagnetic field and it is our main result. It contains, apart from the 
physical field in |xg) 

1x8) = VVi.../.»(^)a +w • • • « +M l0) + ... (2.37) 
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a number of auxiliary heldqj, whose number increases with spin value. One can par¬ 
tially or completely fix gauge invariance and obtain different Lagrangian formulations 
with a smaller number of auxiliary fields, as we shall do it in the next Section. 

3 Lagrangian formulations with a smaller number 
of auxiliary fields 

In this Section we are going to obtain from (12.34)1 different Lagrangian formulations 
partially fixing the gauge invariance. 

First we derive a quartet Lagrangian formulation ||381 [35]. Initially this formu¬ 
lation was developed for the massless higher spin fields in flat and AdS background 
in [38]. Its fermionic version contains seven unconstrained fields (one physical held 
and six auxiliary fields three of which are Lagrangian multipliers) and one uncon¬ 
strained gauge parameter]^ Using dimensional reduction one can obtain the quartet 
formulation for massive higher spin fields in Minkowski space [ 55] . 

To obtain this formulation from the Lagrangian (12.34)1 we partially fix gauge 
invariance just as it was done in [20], except we will not fix gauge invariance corre¬ 
sponding to gauge parameter |e) 

n —1 

|A<°>8> = Vt\c) + ... |e) = ^ s W)‘ (3.1) 

k =0 

kn-fc-i) = y^ry « +w ■ • (3.2) 

Next one can show that after the gauge fixing some of the remaining fields can be 
removed with the help of the equations of motion and the nonvanishing holds in the 
quartet formulation are 

|X8) = \^ (n) )+vt'Pi\D {n ~ 2] )+qtVt\E (n - 2) )+ir ] fpi\^ n - 2) ) (3.3) 

IXo) = Vt\C^)-zpt\^ n - 1) )+zpUt'Pt\^ n - 3) ) (3.4) 

The Lagrangian and the gauge transformation for the massive fermionic higher 
spin held interacting with constant electromagnetic held in the quartet formulation 

5 In decomposition (12.2311 they are coefficients in summands which contain at least one creation 
operator different from a +M . 

6 Another similar formulation (so-called triplet formulation) of fermionic fields on Minkowski 
and AdSd backgrounds contains one physical and two auxiliary fields [46]—[50] (see also (51] for a 
recent discussion) and corresponds to a description of reducible representations of the Poincare or 
SO(d — 2, 2) groups. 
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(^W||r 0 |^ (n) ) + L+|C' (n " 1) ) +T 1 ' + |A (n - 1) )| 

- (C ,(n " 1) |{To|C ,(n_1) ) - Li|T (n) ) + L+|D (n - 2) ) - |A (n - 1} ) - T 1 ' + |£ (n-2 )) j 

- (^( n - 2) ||r 0 |D {n_2) ) + Li|C (n_1) ) + 2|£ (n “ 2) ) - r[+|n( n - 3) )} 

+ (A (n - 1) |{r i '|^ n) ) + |C' (n " 1) ) +L+|E (n - 2) )} 

+ (£( n - 2) ||r i '|C' (n “ 1) ) - 2|L> (n - 2) ) + T 0 |£ (n " 2) )} 

+ (^ n - 3) |{r i , |L> (n - 2 )) + L 1 |A ,(n_2 ^)| 

+ (£ , ( n - 2) ||z, 1 |A^ _1) ) + T 0 |£ (n - 2) ) + L+|fi (n “ 3) )} (3.5) 

5|^ (n) ) = L+|T (n - 1} ), SIC^^) = -T 0 |T (n - 1} ), (3.6) 

S\D {n ~ 2) ) = L 1 |T (n_1 ^), 5\E^~ 2) ) = -T[\T {n ~ l) ) (3.7) 

The fields and the gauge parameter |T^ n_1 ' ) ) = depend only on the oscillators 

(a M , b\). In particular in (I3.5[) - (13.7[) the fields and the gauge parameter have uniform 
decomposition 

m -j 

l« ( ’” ) > = T.E b tf l*»-b (3-8) 

k =0 

Io + '“ • • (3.9) 

and the operators T[ and T{ + are the (a^, bi ) parts of the operators t± and tf (12.1311 
n = 7%-7&i T[ + = a+r-lbf. (3.10) 

Next we will show that the Lagrangian formulation, which obtained in [22], is 
a particular case of our general result (13. 5p . To get such Lagrangian formulations 
we first partly fix the gauge, removing the field |iA n-2 )) with the help of gauge 
transformations (13. 7p and then integrate out all the fields except the field 
The result is 

£ = (vj> {n) | { T 0 - L+T[ - T[ + Li - T[ + T 0 T[ 

- \T[ + L+T[T[ - \T[ + T[+L X T[ - \T[ + T[ + T 0 T[T[ j|T (n) )(3.11) 
«5|T (n) ) = L+|T (n - 1} ) (3.12) 

7 In order to obtain triplet formulation [Mj-JSO] one should to discard field \E^ n ~ T> ) and La¬ 
grangian multipliers |A( n -0), |S( n - 2 )), in (1331) . 


ar^j] 

£ = 


11 












where the state | vj/C 7 ^)) and the parameter of gauge transformations |T^ n obey the 
constraints 

( Ti >) 3 |^(n)) = 0> T /| T (n-l)^ = o. ( 3 . 13 ) 

Such apartial form of the Lagrangian was obtained in [22], but with another (less 
genera^) expressions for the operators (j2. 16(1 — (j2. 19p . 

We can proceed to obtain more Lagrangian formulations. For example, we can 
resolve constraints on the field and the gauge parameter (|3.13(1 . Using decomposition 
(13. 9 p for |T (n) ) and |T^ n_1 ^) 

n n— 1 1 

I* 1 ” 1 ) = V -((,+)“\^ n _ t ) IT'"- 1 *) = ]T -(f,+)7»-.-*> (3.14) 

k =0 k =0 

we find that gauge parameter |e n _i) is not restricted and the other parameters | 
are expressed in terms of its gamma-traces |e*,) = ('y tJ, a fJi ) n ^ 1 ~ k \e n -i), so we may make 
gauge transformation using the unrestricted gauge parameter |e n _i). One can do the 
same for the field |dh n )). Due to restriction (13.13ft there are only three independent 
holds | ijj n ), |' 0 n-i), lV’n- 2 ) and all the other fields are expressed through these three 
holds 

|^n-2fc-i) = —k( n / IJ 'a t i) 2k+1 \'ip n ) + ('fa ll ) 2k \i}) n - 1 ) + (k + l)(7 M a /i ) 2fc_1 |'0 n _ 2 ) (3.15) 
k > 1, 

\fpn- 2 k- 2 ) = -fc( 7 / " a M) 2 fc+ 2 |V’n) + {k + l)(Y a ^) 2k \i>n-2) ■ (3.16) 

Thus one can obtaii^l a gauge invariant Lagrangian formulation for a massive 
fermionic held interacting with constant electromagnetic held with the help of three 
helds | ipn) , iV’n-i)) 2 ) and one gauge parameter |e re _i). 

Finally, using the remaining unrestricted gauge parameter |e n _i) one can remove 
held and obtain a Lagrangian formulation in terms of two traceful unrestricted 

helds: one physical |-0 n ) held and one auxiliary |'0 n _ 2 ) held. This Lagrangian has 
no gauge invariance since we have already used entire gauge freedom. It should be 
noted that if we decompose the traccfull helds |^ n ) and |' 0 n- 2 ) in a series of traceless 
helds we obtain set of the helds which coincide with the set of helds of Singh and 
Hagen [52] , 

4 Example: spin 3/2 

In this section we apply a general procedure described in the previous Sections for 
the simplest example of spin-3/2 held. 

8 It should be noted that in [22] was considered deformation of the operators corresponding to the 
gamma-traceless conditions as well. But this deformation is proportional to an arbitrary constant 
and as we said at the beginning of our paper can be removed by a field redefinition. 

9 Since the Lagrangian formulation is very large, we do not present it here. 


12 











In the case of spin-3/2 field we have h = (see eq. (12.281 ) and since according 
to (12.331 we have i max = 0. Therefore the corresponding Lagrangian formulation is 
an irreducible gauge theory. Due to gh(\Al)i = —2), the nonvanishing fields | Xo) i , 
|Xq)i and the gauge parameter |Aq) 1; (we have |A/,)! = 0), possess the following 
Grassmann grading and ghost number distributions: 

0,X) (|xo)i) = (!, 0), (e,^/i)(|x5)i) = (1,-1), (e, gh) (|A°)i) = (0,-1). (4.1) 


These conditions determine the dependence of the fields and of the gauge parameters 
on the oscillator variables in a unique form 


I Xo) i = [ia + ^(x) + / + 760) + K<p( x )] 1°), 

(x°| = (0|[-V’J(®)*a M + V’ + (®)7/ + ¥ ,+ (a:)6i]7 O , 

I Xo) i = [Ptixix)-iptxii x )]\fy, 


(Xol 

|Ag)i 


( 0 | [xt( x )ip i + X + ( x )Wi 7°, 
[PtX(x) -ip^ 7 Ai(x)]| 0 ) h 


d -1 

2 ' 


Substituting these expressions for the fields and the gauge parameters in (I2.34p and 
(I2.30P one finds the Lagrangian and gauge transformations for the physical spin-3/2 
held 6 M and for the auxiliary fields 


£ 


3/2 


(4.2) 


6 ^ 


IP IP n 

{il a D a - m) 6 M + ^( 2 Ci + 6)7 T F Tr7 D a ^ tl - —(1 + 4Co)7“ / X / 3 6, J 


P P IP 

+^(6 - 2zCo )F^D a( p - — (1 - 2*6)7 T F r ^ ~ — (1 - 4Co )F^ 


rn 


2m 


+ D vX + ^ (6 + <o )F tia D a x - ^(1 + 2f6)7 T ^X - 6 / 2 X 1 


rn 


+£ 


IP P 

- m)<p + ^2 (26 - 36)7 T F Ta D°ip - ^(6 + 2i( 0 )F^D^ 


P IP 

_ 2 m (1 + 2i ^ FT ^ ~^ 1 + 4 Co)7^£ 

P IP 

+ m X + 7 ^ 7 X 0 + *6)7 T FraD rJ x - g^(l - 4Co + 4f6)7^^A - Xi 

— ’ IP 

-(d - 1)6 [{lYD, + m )6 + 2^2 (26 + 6 X 6^6 

IP 

+ g^(l + 4 Co) 7- Xi 


-x 


IP IP 

+ m + ^g(2Ci + 6)7 r F'raD a + ^-(1 + 46)7^ -6^ \x ~ Xi 


+ <| X + ^ 2(6 - < 0 )F^D° + X(i _ 2 * 6 ) 7 "^\V 


m 


p ip 

- mi P + 7TZtX° - it.iWFraD^ip + — (1 - 4Co - 4i6)7 M Xi'£ 


+ Xi 


2 m 2 

X + il^n -<p+(d- 1)6 
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(4.3) 


<5Vv — |Dp + ^2 (Ci + iCo)F^D° + -^-(1 + 2i£i)'y' T F rTfl '^\ — iy^Ai, 

H = Ai, 

<fy> = {m - ^(2Co + ^ 1 ) 7 ^^ - g^(l - 4Co + 4i6)7 M "^}A + A ls 
= {-i^D, + m- ^2 (2Ci + 6)7^™^ + ^(1 + 4 Co)7^}a + 2Al > 

5 X 7 = {i7 M -D/i + m + ^ (2Ci + Ci)YF t „D° + —(1 + 4^)7^}^. 

Here we have used that /lA/ + |0) = — 2h/ + |0) with substitution —2 h —>■ (d — 1). 

Thus we have derived from the general Lagrangian the one which contains compo¬ 
nent fields and the corresponding gauge transformations. This Lagrangian describes 
a massive field with spin 3/2, coupled to a constant electromagnetic background in 
the linear approximation and contains a number of free parameters 0. The relations 
(14.21) - (14.3p are our final results. One can further eliminate the auxiliary fields using 
the gauge freedom and some of the equations of motion and thus obtain the field 
equations for only physical field "00 

5 Conclusions 

In the present paper we have developed the BRST approach to construct and analyze 
a Lagrangian description of massive higher spin fermionic fields interacting with 
constant electromagnetic field in the linear approximation. To this end, we modified 
the operators underlying the BRST charge which corresponds to the noninteracting 
fermionic massive higher spin fields by terms depending on the electromagnetic field. 
The obtained Lagrangian contains the auxiliary Stiickelberg fields which provide the 
gauge invariant description for massive theory, and the number of these fields grows 
with the value of the spin. 

We also showed that one can partially or completely fix the gauge invariance 
and obtain a family of different Lagrangian formulations with a smaller number of 
auxiliary fields. As an example we derived a Lagrangian formulation for the massive 
fermionic higher spin fields interacting with a constant electromagnetic background in 
the quartet formulation [381139] and obtained the results of paper |Z2) as a particular 
case. Also we gave a detailed description of the component Lagrangian and gauge 

10 The problem of Lagrangian formulation for spin- 3/2 field coupled to EM field in a linear 
approximation has been studied in l35l where the Lagrangian also contains a number of free pa¬ 
rameters. However, unlike our paper, it is has been assumed in 1 35] that the electromagnetic field 
is dynamical and moreover, the model under consideration possesses a certain ammount of su¬ 
persymmetries. These requirements impose the some strong restrictions on the structure of the 
Lagrangian. As a result, the Lagrangian (14.21) contains more free parameters in comparison with 
the Lagrangian given in [35] . 
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transformations for a simplest example of the spin f field interacting with a constant 
electromagnetic background. 

Since in the present paper we have considered fermionic higher spin fields it would 
be naturally interesting to generalize the present results for the case of supersymmet¬ 
ric systems 11 ! as well as to consider higher order interactions. Inclusion of a nontrivial 
gravitational background is yet another interesting problem to consider (see for ex¬ 
ample |54j-[56] for recent progress in these directions). It would be interesting also to 
establish more connection with the recent studies in conformal higher spin fields (see 
for example [57j-|HIj). We hope to address these questions in future publications. 
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A Expressions for free parameters 


Below we give the expressions for free parameters which are present in the equations 
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n Lagrangian formulation of free supersymmetric massive higher spin theory was done in [55] . 
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Here Co? Ci 5 a are arbitrary real dimensionless constants. 
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